ABSTRACT. A subtidal population of Strongylocentrotus purpuratus limited to small individuals (mostly 5 30 mm test diameter) by sea otter predation was examined to determine the size of reproductive sea urchins. Although a previous study found that most individuals of S. purpuratus examined were not reproductively mature until larger than 30 mm diameter, in this population most individuals 16 mm and larger were mature. The possible influence of habitat on the size at first reproduction is discussed.
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Often, due to energetic or mechanical constraints, a predator will only exploit prey of a particular size range. For this reason, prey species may have a size refuge from predation. The refuge may be large body size, such as that which protects the mussel Myrilus californianus and the barnacle Balanus cariosus from predation by the gastropod Thais spp. (Dayton 1971) and M. californianus from predation by the sea star Pisaster ochraceus (Paine 1976), or small body size, as is the refuge of Myfdus edulis (VanBlaricom 1988) and several temperate eastern Pacific sea urchin species from predation by the sea otter Enhydra lutris (Estes & VanBlaricom 1988 , Estes et al. 1989 .
In habitats lacking suitable spatial refuges, sea otter predation can lead to a complete elimination of the larger size classes of sea urchins (Estes et al. 1978, Kenner in press) . This predation could either lead to loss of the reproductive segment of the population, or, because large sea urchins have considerably more reproductive potential than small sea urchins (gonad size is limited by test volume, which is a cubic function of diameter), greatly reduce the population's reproductive output.
Little information is available concerning the size at first reproduction for species of sea urchins in the field. Of those species for which there is information, several show some variation with habitat in the size or age at (Dix 1970) . A littoral population of the irregular sea urchin Echinocardium cordaturn matured at 3 yr of age and ca 30 mm test length, whereas a deeper offshore population failed to mature during 7 yr of observation (Buchanan 1966) .
Where their distributions overlap, predation by Enhydra lutris can dramatically influence the size distribution of the purple sea urchin Strongylocentrotus purpuratus (Lowry & Pearse 1973, Kenner in press ). Gonor (1972) collected S. purpuratus from intertidal populations in Oregon, USA, outside the present range of the sea otter. He found that at the peak of the reproductive season they were not reproductively mature until above 25 mm test diameter; only about half the sea urchins examined between 30 and 35 mm diameter were fertile.
Methods and results. We examined size at reproductive maturity in a subtidal population of Strongylocentrotus purpuratus from Stillwater Cove in Carmel Bay, California (36" 34' N, 121" 57' W), where sea otters had been present since 1956 (Ebert 1968) . The sea urchins inhabited dense mats of geniculate coralline algae which covered most of the rock substrate (Kenner in press) . During most of the 1983 to 1987 period, 90 to 100 % of the sea urchin population consisted of individuals 30 mm test diameter or less, with rare individuals as large as 40 mm diameter. Growth rates derived from tetracycline-labeled sea urchins and the movement of size frequency modes over time indicated that most of the population was less than 2 yr old (Kenner in press). However, this population had a distinct synchronized reproductive cycle, with spawning occurring in April and May, as shown by gonad indices (100 X gonad wet weight/sea urchin Estes et al. (1978) suggested that sea otter predation could lead to a shift to smaller reproductive sizes in sea urchins through natural selection. Selective predation on larger sea urchins could result in a fitness advantage to individuals which are able to reproduce at a smaller size. A lower somatic growth rate might also be favored if it increased the opportunity for reproduction before outgrowing the size refuge from predation, and if resources made available by lower growth rates were reallocated to reproduction. This explanation of the smaller size of reproduction observed here could be valid only if the sea urchins in the Stillwater Cove population originated from larvae spawned within the sea otter range. Stillwater Cove is ca 75 km south of the northern end of the California sea otter's range. Given a planktonic larval period of ca 2 to 3 mo (Strathmann 1978) , it is likely that the larvae originated outside the sea otter range.
Alternatively, the smaller size of reproductive maturity observed here could result from environmental factors such as latitude, tidal height, or food availability. Of these factors, only food availability has been shown to affect reproduction in echinoids. Although intertidal populations of Strongylocentrotus interrnedius (Kawamura 1973) and Echinocardium cordatum (Buchanan 1966) were found to grow faster and mature at a younger (Fig. 1) . The time of spawning observed here is within the range (January to May) observed in populations from this area (Holland & Giese 1965) . In March 1987, when gonadal development was predicted to be near its peak (Fig. l ) , 61 sea urchins were collected from the Stillwater Cove population using 14 randomly selected 0.25 m2 quadrats. Test diameters in the sample ranged from 4 to 39 mm (Fig. 2) . In the laboratory, sea urchins 10 mm diameter or larger were dissected and fresh smears of their gonads were examined for the presence of gametes. When gametes were found, they were mixed with gametes from an individual of the opposite sex, as in Gonor (1972) . If the fertilization membranes were lifted, both individuals were considered mature. Fertrle individuals as small as 16 mm were found. All sea urchins age than subtidal populations, food was thought to b e the critical factor in both studies.
It is well documented that the nutritional state of echinoids is reflected in their gonadal development; sea urchins from deforested habitats typically have smaller gonads than those from kelp forests (Pearse 1980) . Also, abundant food can yield high gonad indices and small ( l 5 mm) reproductive Strongylocentrotus purpuratus in the laboratory (Pearse et al. 1986, Pearse pers. comm.) However, Thompson (1982) has shown that S, droebachiensis which were given a low food ration preferentially allocated a larger share of their resources to reproduction at the expense of somatic growth. In add~tion, both Leighton (1967) and Lees (1970) found that small S. purpuratus from food-poor habitats had higher gonad indices than similar-sized ones from food-rich habitats. Leighton concluded that this situation resulted from reproduction being tied to age rather than size. Similarly, Dix (1970) found that Evechinus chloroticus from 2 areas with different growth rates matured at about the same age (3 or 4 yr) although their sizes differed.
The diet of the Stillwater Cove population of sea urchins consisted largely of geniculate coralline algae (Kenner in press), which laboratory studies have shown support reduced growth rates in Strongylocentrotus purpuratus (North 1964 , Boolootian 1966 , Leighton 1971 . Growth rates in this population were found to be lower than previous studies (Ebert 1977 , Russell 1987 had found for this species, with a calculated age of 1 yr occurring at a diameter of ca 17 mm (Kenner in press). Gonor (1973) , on the other hand, describes both of his collection sites as having abundant attached algae in summer and ample drift after winter storms, but nothing is said of the sea urchins' demography or diet there. It is possible then that reduced growth due to diet may have led to the observed difference in size of reproduction in these 2 populations.
Regardless of the basis of this relationship between body size and reproductive maturity, the presence of small sea urchins with viable gametes in Stillwater Cove presumably enables the population there to remain reproductive even though it lacks large individuals. This study demonstrates that size at first reproduction may be dependent on habitat. However, if the reproductive demography described here is anomalous, and that found in Oregon populations by Gonor (1972) is more typical, then cracks and crevices sufficient to harbor larger individuals may be necessary in order to maintain the reproductive viability of Strongylocentrotus purpuratus populations in the presence of sea otters.
